The capacity of latent herpes simplex virus (HSV) to reactivate is essential for completion of the viral life cycle. Reactivation is thus an important target for intervention to prevent not only recurrent disease but also spread through the population. Current molecular level understanding of events controlling reactivation is minimal. It is clear that mutations that result in reduced viral replication efficiency in all cell types have a negative impact on both the establishment of latency and the ability to reactivate (2, 12, 16, 35) . Mutations that result in replication deficits in nondividing cells, such as thymidine kinase (TK)-negative mutants, also result in reactivation defects (10, 13, 14, 36) . Mutations within the 5Ј end or promoter region of the latency-associated transcript (LAT) gene do not affect viral replication in any cell type but result in reduced reactivation in vivo in rabbits and mice (1, 8, 9, 18, 31, 38) . In the murine model, it has been demonstrated that LAT mutants establish significantly fewer latent infections, and this most likely accounts for the reduction in reactivation observed (31, 38) . Whether this is also the case for LAT mutants in the rabbit model awaits analysis of establishment at the cellular level in this species. Among the commonly used fully replication competent wild-type HSV type 1 (HSV-1) laboratory strains, KOS differs significantly from strains 17synϩ and McKrae in the capacity to reactivate from latency when induced in vivo (1, 8, 9, 24, 29, 34) . In contrast, the recovery of infectious virus by in vitro cocultivation from ganglia latently infected with these strains is not different, suggesting that additional barriers must be overcome for efficient induced viral reactivation in vivo. The viral genetic factors that account for the difference in replication-competent strains to reactivate in vivo have not been identified (34) .
There are two distinct but not mutually exclusive alternatives: (i) KOS/M is less efficient in the establishment of latent infections, or (ii) KOS/M is less efficient directly in in vivo reactivation. While it is clear that latent infections are required for reactivation, the characteristics of latent infections that predispose to reactivation have not yet been defined. A positive correlation between the amount of total latent DNA in the ganglia and the ability to recover infectious virus from the latently infected ganglia by cocultivation in mice has been reported (12, 16, 31) . In the mouse and rabbit ocular models, the number of neurons positive for LAT RNAs by in situ hybridization was positively correlated with frequency or timing of reactivation (6, 18, 35) . The same was true for activity from the LAT promoter in the mouse (31) . Using a recently developed assay, contextual analysis of DNA (CXA-D), to measure latent infections on the single-cell level, we have shown that increasing inoculum titer results in more neurons harboring latent viral genomes, with a greater number of genomes per latently infected neuron (28) . In another study, increasing the number of latently infected neurons in the ganglia resulted in an increased frequency of reactivation (38) .
An important first step in understanding the molecular basis for the difference between in vivo reactivation of fully replication competent strains is to distinguish between viral genetic factors that regulate the establishment of latency from those that directly regulate reactivation. In this study, a comprehensive analysis of the establishment of latency of strains 17synϩ and KOS/M determined not only the number of latently infected neurons within the ganglia but also the number of viral genome copies contained in individual latently infected neurons. For comparative purposes, latency was quantified by quantitative PCR (QPCR) on DNA extracted from whole ganglia, assessment of the number of LAT-expressing neurons by using LAT promoter-reporter mutants, and determination of the percentage of viral genome-positive neurons by using CXA-D. The number of latently infected neurons was not different in KOS/M-, 17synϩ-, or McKrae-infected ganglia. Although QPCR revealed no significant difference in the total amount of viral DNA in KOS/M-compared to 17synϩ-infected ganglia, when analyzed at the single-cell level, neurons latently infected with strain KOS/M contained significantly fewer viral genome copies compared to those infected with either strain 17synϩ or strain McKrae. This is the first demonstration that there is a strain-dependent variation in the latent viral genome copy number profile, establishing that viral genetic factors regulate the number of viral genome copies present within latently infected neurons. The fact that the latent pools generated by the efficient reactivator strains were similar, and both contained a greater number of viral genome copies than the KOS/M latent pool, suggests that copy number influences the efficiency of induced in vivo reactivation.
MATERIALS AND METHODS
Cell and virus culture. Rabbit skin cells were cultured as previously described (39) . NIH 3T3 cells were obtained from the American Type Culture Collection (CRL 6442) and were cultured as recommended. Virus strains used were derived from wild-type (wt) HSV-1 strain 17synϩ, obtained from J. Subak-Sharpe of the Medical Research Council Virology Unit in Glasgow, Scotland; strain KOS, obtained from M. Levine, University of Michigan, Ann Arbor, was plaque purified and designated KOS/M; strain McKrae was obtained from S. Wechsler, Mount Cedar Sinai Medical Center Research Institute. The derivations and histories of these viruses have been previously described (24, 38) .
Construction of viral mutants. KOS/1 (kindly provided by L. T. Feldman) was constructed from the parental strain KOS/M and has been described previously (19, 31) . Briefly, approximately 850 bp of the LAT promoter was placed in front of the Escherichia coli ␤-galactosidase (␤-Gal) gene and inserted into the EcoRV site within the glycoprotein C (gC) locus at bp 97646. This resulted in the disruption of gC and the expression of ␤-Gal during latency. 17/1, derived from the parental strain 17synϩ, was constructed to be exactly like KOS/1. To facilitate this, the fragment that contains the gC locus (BglII-G) was cloned from KOS/1 into pSP73 (Promega, Madison, Wis.) at the BglII site. This fragment was recombined into the 17synϩ genome by cotransfection with LipofectACE (GIBCO/Bethesda Research Laboratories, Gaithersburg, Md.) according to the manufacturer's protocol. The 17synϩ-based LAT promoter-␤-Gal reporter virus (designated 17/1) was plaque purified to homogeneity by limiting dilution. The genomic structure of 17/1 was confirmed by restriction fragment length polymorphism (RFLP) Southern blot analysis as previously described (31, 37, 38, 40) and is shown schematically in Fig. 1A . Base pair numbering is as published for the HSV-1 sequence of strain 17synϩ (20) (21) (22) [GenBank accession no. 14112]).
Inoculation of mice. Male Swiss Webster mice weighing 18 to 22 g were obtained from Charles River Breeding Laboratories (Kingston, N.Y.) or Harlan Laboratories (Indianapolis, Ind.). Animals were housed in American Association for Laboratory Animal Care-approved quarters with unlimited access to food and water. Mice were anesthetized by intraperitoneal injection of sodium pentobarbital at a dose of 50 mg/kg of body weight. Anesthetized mice were inoculated by placing 1 ϫ 10 5 to 2 ϫ 10 5 PFU of virus onto the surface of scarified corneas as described previously (29, 31) . In certain experiments bilateral 5-mm areas on the whisker pad were also inoculated as described previously (31) . In these cases, mice received a total of 3 ϫ 10 5 PFU.
Replication kinetics.
Multistep replication kinetic analyses were performed on NIH 3T3 monolayers following infection at a low multiplicity of infection (0.01 PFU/cell). Cells and media were harvested at the indicated times, subjected to three cycles of freezing and thawing, and assayed for infectious virus titer on rabbit skin cell monolayers.
Mice were inoculated as described above. At the indicated times postinfection (p.i.), mice were sacrificed, the appropriate tissues were removed and homogenized, and virus titers were determined as described above.
Induced reactivation in vivo. Latently infected mice were subjected to the transient hyperthermia induction procedure described previously (29) . Briefly, mice which had been inoculated a minimum of 30 days prior were subjected to a 10-min hyperthermic stress (43°C); 22 h posttreatment trigeminal ganglia (TG) were removed and assayed for infectious virus. DNA was harvested from positive cultures and analyzed for RFLP by Southern blotting to confirm the genomic structure of the isolate as described elsewhere (reference 38 and data not shown).
QPCR of HSV DNA in latently infected ganglia. QPCR was carried out precisely as described previously (12, 28, 31, 38) . The resulting blots were scanned in a Molecular Dynamics PhosphorImager for quantification using ImageQuant software (Molecular Dynamics).
Histochemical detection of ␤-Gal activity. Mice were inoculated with 17/1 or KOS/1 as described above. On days 7, 15, and 30 p.i., animals were anesthetized and perfused; the ganglia were harvested and incubated in 5-bromo-4-chloro-3-indolyl-␤-D-galactopyranoside (X-Gal) buffer containing 0.1 g of X-Gal per ml as described previously (31) . The number of neurons containing the blue X-Gal product was determined in a double-blind fashion.
Immunohistochemical detection of HSV antigen in combination with histochemical detection of ␤-Gal activity. Mice were inoculated with 17/1 or KOS/1 as described above. On days 4 and 7 p.i., three animals from each inoculation group were anesthetized and perfused with 4% paraformaldehyde; the TG were harvested and incubated at 37°C in X-Gal buffer containing 0.1 g of X-Gal (Gibco-BRL) per ml for 12 h. Ganglia were rinsed in phosphate-buffered saline (PBS), postfixed in 4% paraformaldehyde for 15 min, dehydrated through graded ethanols, cleared in xylene, and embedded in paraffin (six ganglia per block) according to routine procedures. Blocks were sectioned at 8 m; sections were placed on glass slides (Superfrost Plus; Sigma) and baked at 60°C for 12 h. Paraffin was removed in xylene, sections were rehydrated in graded ethanols, and endogenous peroxidase activity was removed by incubating sections in methanol containing 0.75% H 2 O 2 for 15 min. Sections were rinsed in PBS and placed in PBS containing 5% nonfat dry milk and 0.25% Nonidet P-40 for 30 min. To localize HSV antigens, antiserum raised in rabbits against HSV (Accurate) diluted 1:1,500 was used in a standard three-step biotin-avidin-horseradish peroxidase assay (31) . The secondary antibody used was a biotinylated anti-rabbit immunoglobulin G raised in goat (Vector), and the conjugate was an avidinhorseradish peroxidase made and purified as described previously (29) . Antigen antibody complexes were visualized by incubating sections in a solution of 0.1 M Tris (pH 8.2) containing 250 g of diaminobenzidine (Sigma) per ml and 0.004% H 2 O 2 . Stained sections were viewed and photographed with an Olympus model BX40 photomicroscope.
CXA-D. The details of the CXA-D procedure have been reported previously (28) . In brief, deeply anesthetized mice were perfusion fixed with Streck's tissue fixative (STF) (Streck Laboratories, Inc.). The tissues of interest were removed, finely minced, and placed in a solution of 0.25% collagenase (CLS I; Worthington) in Hanks balanced salt solution at 37°C. At completion, the dissociated tissue was gently pelleted, the collagenase was removed, and the pellet was resuspended in STF for a 15-min postfixation. Enriched neuronal cell populations were obtained by using Percoll gradient centrifugation as described previously (28) .
PCR analysis of DNA within perfusion-fixed dissociated cells. Dissociated, gradient-purified neurons were rinsed in distilled H 2 O. A portion of the cells was diluted so that the desired number to be analyzed was contained in a 1-l volume. To allow visualization of the cells, Ponceau S solution was added (1/200 volume), the cells were then aliquoted into PCR tubes, and the exact number was determined by counting under a dissecting microscope. To remove any extracellular contaminating DNA, immobilized DNase on polyvinylpyrrolidone beads (Mobitec) was added to each sample as described previously (28) . Following overnight incubation at 37°C, the DNase was heat inactivated and samples were incubated at 50°C in a proteinase K solution for 3 h. PCR amplification using primers to the viral TK gene was performed as previously described (12, 28, 31, 38) . Five microliters of each PCR product was electrophoresed through a 12% polyacrylamide gel, transferred to a nylon membrane (GeneScreen Plus), and probed with a 32 P end-labeled oligonucleotide internal to the PCR primers as described previously (12, 31) . The blots were exposed to a storage PhosphorImager cassette (Molecular Dynamics) and analyzed according to the manufacturer's protocol, using ImageQuant software.
Statistical analysis. Statistical analysis of the data was performed with Prism version 2.0 software (GraphPad).
RESULTS
Construction and characterization of 17/1 and KOS/1. Promoter-reporter mutants in the two strains were constructed as described above. The genomic structures of the resulting mutants 17/1 and KOS/1 are shown schematically in Fig. 1A . These structures were confirmed by Southern blot RFLP analysis as previously described (31, 37, 38, 40) . Representative blots are shown in Fig. 1B . The viral DNAs were cleaved with KpnI and probed sequentially with radiolabeled sequences specific for the E. coli ␤-Gal gene and the HSV SalI Y fragment. As expected, no hybridization was seen in the 17synϩ and KOS/M lanes when probed with ␤-Gal. The 17/1 lane shows two hybridizing bands of 9.4 and 6.1 kb, and the KOS/1 lane shows two bands of 13 and 6.1 kb, which are in agreement with the predicted sizes. KOS/M is missing the KpnI site at bp 90379 (37) , and thus the larger fragment is the result of cleavage at the next site to the left at bp 86849. When probed with the SalI Y fragment, lanes containing wt viral DNAs show bands of 12.7 and 16 kb for 17synϩ and KOS/M, respectively. The ␤-Gal virus lanes show bands of 9.4 and 6.1 kb for 17/1 and bands of 13 and 6.1 kb for KOS/1, which are also in agreement with the predicted sizes. Further restriction endonuclease and Southern blot analyses did not reveal any unexpected perturbations in the genomes (data not shown).
Acute replication kinetics. Multistep replication kinetics in cultured cells confirmed that no general replication defect was present in any of the viruses (Fig. 2) . In vivo, all viruses reached a peak titer by 4 days p.i. Eyes, snouts, and TG were analyzed for infectious virus at 24-h intervals after inoculation (Fig. 2) . The peak titers of 17/1 and KOS/1 were twofold less than those for the parental strains in all tissues tested. The reason for this has not been determined but may be due to the loss of gC, which has been shown to augment binding and entry (7) . In vivo replication kinetics assays were also performed on mice from the groups that were subsequently analyzed using CXA-D. For these experiments, mice were inoculated on scarified corneal surfaces, and eyes and TG were harvested from three mice/group on days 2, 4, 6, and 8 p.i. Consistent with other experiments, the infectious titers achieved by KOS/M, 17synϩ, and McKrae in both the eyes and TG were equivalent (data not shown).
Induced reactivation of 17syn؉, 17/1, KOS/M, and KOS/1 in TG. The hyperthermia model of induced reactivation (29) was used to examine the ability of the selected HSV-1 strains to reactivate in vivo. The results from this experiment are presented in Table 1 . The frequencies of reactivation for the wt viruses in this study (86% for 17synϩ and 30% for KOS/M [P ϭ 0.001, Fisher's exact test]) were consistent with a previous report (29) . The difference in reactivation frequency was also displayed by the promoter-reporter mutants (83% for 17/1 and 15% for KOS/1; P ϭ 0.001). The frequency of reactivation following hyperthermic stress was also determined for mice in Mice were infected with a total of 3 ϫ 10 5 PFU of the virus isolates on the corneas and snouts as described in Materials and Methods. At daily intervals, three mice from each group were sacrificed, and the eyes, snouts, and TG were homogenized and assayed for infectious virus. a Mice were infected as described in the text and maintained for at least 30 days prior to being subjected to the hyperthermic stress reactivation procedure as described previously (30) . ND, not determined. the groups to be analyzed by CXA-D. These mice, inoculated via corneal scarification, also exhibited a difference in reactivation, 7 of 10 (70%) 17synϩ-infected mice, compared to 4 of 20 (20%) of the KOS/M-infected group (P ϭ 0.01).
Analysis of HSV DNA present in latently infected TG by QPCR. The QPCR method of Katz et al. (12) was used to determine the number of latent viral genomes present in whole ganglia ( Table 2 ). The amount of viral DNA present in each pair of latently infected TG was variable, consistent with previous studies using this method (12, 31, 38) . A comparison of the mean genome copy number per animal and a one-way analysis of variance did not reveal any statistically significant differences between any of the viruses. Therefore, by this criterion, KOS/M and KOS/1 established latency as well as 17synϩ and 17/1.
Characterization of cell type and HSV antigen expression in LAT promoter-positive TG cells on days 4 and 7 p.i. Our previous in vivo analysis of KOS/1 revealed three important points with respect to LAT promoter-␤-Gal reporter activity: (i) activity in the TG peaked during the acute infection between days 4 and 5; (ii) activity localized to neurons, so designated on the basis of location, size, and morphology; and (iii) the vast majority of ␤-Gal-expressing neurons showed no evidence of viral protein production and thus were considered to be neurons entering latency (31) . Additional studies using an antibody to a neuron-specific marker (neurofilament 200) confirmed that our assessment of neurons based on morphology was correct (data not shown). Similar findings with the basal LAT promoter have been reported by others (19) . To confirm that mutant 17/1 behaved in a similar manner, mice were infected with KOS/1 and 17/1 as described in Materials and Methods. The type of cell expressing ␤-Gal and the extent of lytic viral protein expression in the ␤-Gal-expressing cells were determined on days 4 and 7 p.i. 17/1 and KOS/1 were indistinguishable with respect to (i) the restriction of expression of ␤-Gal to neurons in the TG and (ii) the absence of detectable HSV lytic protein expression in the vast majority of neurons expressing ␤-Gal (Fig. 3 ). There were many HSV antigenpositive neurons and support cells in both KOS/1-and 17/1-infected TG on day 4. Thus, the blue neurons appear to mark a unique subset of cells. These findings are consistent with the hypothesis that these ␤-Gal-expressing neurons represent a portion of the latent pool (19, 31) .
Frequency of LAT promoter-positive neurons during the acute and latent stages of infection. The LAT promoter-␤-Gal reporter mutants 17/1 and KOS/1 were used to examine the relative frequency of latent infections on a cellular level. It is becoming clear that more neurons harbor the latent viral genome than contain LAT RNAs detectable by in situ hybridization (23, 26, 28) . In addition, sequences that reside outside the 850-bp basal LAT gene promoter used here may influence expression in neurons during latency (3, 17, 24) . However, this promoter is active in a subset of latently infected TG neurons for at least 180 days p.i. (31) , and the promoter-reporter transgenes present in 17/1 and KOS/1 are identical in both sequence and context within the viral genome. Therefore, the number of ␤-Gal-positive neurons present in ganglia infected by these mutants should reflect the relative efficiency of establishment of the two isolates.
Mice were infected as described above, and at 7, 15, and 30 days p.i., TG were harvested and processed for the histochemical detection of ␤-Gal activity. Whole mounts were coded, and the number of positive cells in each TG pair was determined (Table 3) . No statistically significant difference between 17/1 and KOS/1 was seen at any time point analyzed. This result suggests that the numbers of neurons in which latency was established were similar in the two strains.
Frequency of HSV DNA-containing neurons in ganglia latently infected with KOS/M, 17syn؉, or McKrae. CXA-D was used to determine the percentage of infected neurons in ganglia latently infected with KOS/M, 17synϩ, or McKrae. Mice which had been inoculated via corneal scarification with 1 ϫ 10 5 to 2 ϫ 10 5 PFU at least 30 days prior were perfusion fixed, and the TG were dissociated as described above. The neuronal cell populations obtained from six ganglia from each group were analyzed as individual neurons, using the pretreatment procedures and PCR protocol detailed in Materials and Methods. Two sets of six ganglia from the KOS/M and 17synϩ groups were harvested and analyzed. The percentages of neurons infected (PIN) in the two sets of ganglia latent with KOS/M were 29 and 27, not different from the PIN in 17synϩ-infected ganglia of 27 and 26 or McKrae of 32 (P ϭ 0.89, chi-square test). A diagram of CXA-D and representative panels of the data generated from over 800 PCR samples are shown in Fig. 4 . These data demonstrated that the reduced reactivation phenotype characteristic of KOS/M-infected mice could not be explained on the basis of the number of latently infected neurons in the ganglia.
Viral genome copy number within individual neurons. In addition to the number of neurons containing the viral genome, the number of copies of the genome within individual neurons may affect reactivation. Therefore, CXA-D was used to determine the range and mean of the number of viral genome copies within individual neurons comprising the latent pool in KOS/M-, 17synϩ-, and McKrae-infected ganglia. The signal intensity from each positive neuron sample was quantified by using ImageQuant software and the copy number determined from a standard curve run with each set of neuron samples. Analysis of the individual positive neurons from each group revealed that the neurons comprising the latent pools of both efficient reactivator strains, 17synϩ and McKrae, contained a greater number of viral genome copies than did KOS/ M-infected neurons (Fig. 5) . The number of viral genome copies in neurons latently infected with 17synϩ ranged from 1 to 815, with a mean of 50 copies and a median of 14; McKrae- a Mice (four per group) were infected with 2 ϫ 10 6 PFU (total) on both corneas and snouts. At the indicated times, the animals were perfused and the TG were processed for the histochemical detection of ␤-Gal as described previously (31) .
infected neurons contained from 1 to 910 copies, with a mean of 82 and a median of 15. The means of these two populations were not different (P ϭ 0.287, unpaired t test). The number of viral genome copies in KOS/M-infected neurons ranged from 1 to 53, with a mean of 7 and a median of 3. The mean copy number of the KOS/M latent pool was significantly different from that for both 17synϩ (P ϭ 0.001) and McKrae (P ϭ 0.001) (Fig. 5) . Thus, both of the efficient reactivator strains 17synϩ and McKrae established latent infections containing significantly more viral genome copies than the low-reactivator strain KOS/M.
It was of interest to compare these results with those obtained by QPCR on total ganglia DNA. For strain 17synϩ, 26.5% of the neurons harbored the latent genome, and these neurons contained an average of 50 copies of HSV-1. A pair of mouse ganglia contains approximately 40,000 neurons (3, 28) . Therefore, 40,000 ϫ 0.265 ϫ 50 ϭ 5 ϫ 10 5 total genomes predicted, and QPCR detected 2.0 ϫ 10 5 Ϯ 1.3 ϫ 10 5 . For KOS/M, 40,000 ϫ 0.279 ϫ 7 ϭ 7.8 ϫ 10 4 , and QPCR detected 1.2 ϫ 10 5 Ϯ 7.5 ϫ 10 4 . Although these experiments were performed at different times, the results were quite similar with the different approaches.
Viral genome copy number within groups of latently infected neurons. The analysis of individual neurons is limited in that only a small percentage of neurons in the latent pool can be practically analyzed. Although the prediction would be that those analyzed would reflect the larger population, we developed an assay which provided a view of the copy number in a more extensive portion of the latent pool. This assay was used to confirm our findings at the individual neuron level for 17synϩ and KOS/M. From the PIN, groups of neurons were aliquoted such that each PCR would be predicted to contain 10 HSV-positive neurons. The number of PCR amplification cycles was reduced so that the linear range of the standard curve extended from 100 to 10,000 genomes and differences between 1,000 and 10,000 genomes could now be reproducibly determined. Results of this analysis which included over 1,000 latently infected neurons, or ϳ1/5 of the total latent pool/ganglion from each group, are shown in Fig. 6 . The mean viral genome copy number was 936 in the 17synϩ samples, compared to 314 in the KOS/M group. The means of the two populations were significantly different (P Ͻ 0.0001, unpaired t test), results consistent with those obtained from the analysis on single cells.
DISCUSSION
Multiple factors may influence the potential of an HSV-1 strain to reactivate from latency. These include functions that dictate the efficient establishment of latency such as replication at the body surface, transport to the ganglionic neurons, and suppression of acute replication within the neurons. Viral functions that are directly linked to reactivation include viral regulatory sequences and gene products that control the initiation of lytic viral gene transcription in response to stress and progression to production of infectious virus. Commonly used HSV-1 laboratory strains differ in the capacity to reactivate from latency. For example, strains 17synϩ and McKrae have been shown to reactivate more efficiently than strain KOS in a variety of systems, including induction by UV light and hyperthermic stress in the mouse and by iontophoresis of epinephrine, immunosuppression, and corneal blebbing with distilled water in the rabbit ocular model (6, 8, 9, 24, 29, 31, 34, 35, 38) . In this report, the basis underlying the difference in reactivation in the mouse was explored, focusing on the ability of these strains to establish latent infections.
Three methods were used to measure the establishment of latency. QPCR on total ganglia DNA suggested that there was more latent HSV-1 DNA in ganglia infected by 17synϩ than those infected by KOS/M, but this difference was not significant at the 95% confidence interval. This assay is best suited to detect relatively large differences in DNA content (12) . and KOS/1 demonstrated that equivalent numbers of neurons expressed the basal LAT promoter at early and late times p.i. Sensitive PCR-based methods have demonstrated that these ␤-Gal-positive cells must represent only a subset of those that harbor the latent viral genome (18, 26, 28, 38) . The assumption was made that these cells represent the same fraction of latently infected neurons in the background of either strain, but this may not be the case. For example, the difference in the number of HSV-1 genomes present in individual neurons latently infected with 17synϩ and KOS/M reported here could effect the level of LAT promoter activity. The CXA-D approach allowed the direct determination of the percentage of neurons within latently infected ganglia that harbor the viral genome. This assay is sensitive enough to detect one or a very few HSV-1 genome copies within individual neurons (28, 38) . Interestingly, the number of neurons latently infected in the TG was not different for 17synϩ, McKrae, or KOS/M. However, the number of viral genome copies constituting each latent infection was significantly greater in 17synϩ-and McKrae-infected neurons than in KOS/M-infected neurons. This three-to sevenfold increase in latent genome copy number was consistent with the increased total latent DNA detected in 17synϩ-infected TG compared to that of KOS/Minfected TG.
The biological significance of this difference is not yet clear. We hypothesize that the higher copy number of latent viral genomes present in neurons latently infected with strains 17synϩ or McKrae contributes to the ability of these strains to reactivate efficiently in vivo. Several possible mechanisms whereby viral genome copy number might influence reactivation from the latent state can be envisioned. Many viral genome copies could effectively overwhelm factors silencing viral gene transcription, leading to an increased probability of reactivation. Alternatively or additionally, the increased number of viral gene templates available for transcription during the initiation of reactivation may result in increased production of viral proteins required for successful entry into the lytic cascade as hypothesized by Sears and Roizman (33) . Kosz-Vnenchak et al. proposed a variation of this hypothesis which included the requirement for replication of the viral genome prior to sufficient immediate-early gene transcription (13, 14) . However, until recently, viral genome copy number had not been measured in individual neurons (28) . The fact the viral genome copy number set point varies among viral strains and correlates with reactivation competency is the first experimental data to support the hypothesis that copy number may be a controlling factor for reactivation.
A central question is the origin of the multiple copies of the HSV-1 genome within individual latently infected neurons. Sears and Roizman have speculated that the genome may replicate during latency, utilizing as yet undefined neuronal mechanisms and a putative eukaryotic replication origin found within the viral genome (33) . Such a mechanism might be operative and important for replenishing the pool of highcopy-number (i.e., reactivatable) neurons over the life of the host. The simplest explanation is that they arise during the acute infection phase as a result of either multiple infection of single neurons or limited genome replication within neurons and their subsequent entry into the latent state. Of these, we favor the first possibility for the following reasons. First, it is generally recognized that lytic infection progressing through viral DNA replication is fatal to the host cell (5). Thus, an as yet unknown mechanism to ensure the survival of neurons in vivo would have to be operative. Infection of a single neuron by multiple virions that enter the latent state does not require conjecture of any additional altered replication pathways. Reinfection of cells in culture is inhibited by expression of gD on the infected cell surface (27) . However, it is unlikely that such a potent target for immune attack is expressed on the surface of neurons in which latency is established. Second, infection of mice on the snout with a genetically engineered TK-negative mutant resulted in efficient replication at the surface but extremely limited replication within the TG. The viral genome copy number in the latent pool of neurons in these mice was not significantly different from that for the wt or the rescue, suggesting that it is replication at the surface and not within the TG that is important for this phenomenon (32) .
There have been several studies comparing viral strains with different abilities to reactivate. Strelow et al. (34) compared strains KOS and McKrae with the UV induction model in the mouse eye. McKrae reactivated efficiently, whereas the reactivation of KOS was inefficient. A recombinant virus in which the LAT promoter and 5Ј end of the LAT gene from McKrae were used to replace the highly homologous sequences present in strain KOS failed to reactivate, suggesting that these sequences were not sufficient to donate the frequent reactivation phenotype to KOS (34). Gordon et al. (6) investigated the establishment of latency of frequent and low-reactivation strains in the rabbit eye model. In situ hybridization for the LAT RNAs was used to quantify latent infections; by this measure, rabbit TG latently infected with strain KOS contained very few positive neurons compared to the high-reactivation strain W (6). These data indicated that the number of latent infections was different. The low frequency of LATpositive neurons detected by Gordon et al. may be due to differences between the rabbit and mouse systems or to altered characteristics of the KOS isolates used. Since a comparison of the acute replication of the strains was not reported, it is not clear how the two strains compared with respect to this important parameter. However, a study by Stroop and Banks demonstrated that an isolate of KOS termed KOS-63 replicated poorly in the rabbit eye and failed to reactivate (35) . The KOS isolate used in this study, KOS/M, is different from KOS-63 in that, as reported here, it replicates as efficiently as 17synϩ on the mouse cornea and snout and in the TG. Therefore, in contrast to KOS-63, the reduced capacity of strain KOS/M to reactivate in vivo following hyperthermic stress could not be attributed to any measurable difference in replication competency.
Although we have determined a difference in one characteristic of the latent infections established by KOS/M and two efficient reactivator strains, 17synϩ and McKrae, other viral processes may be involved. Clearly, strain KOS can reactivate, as it does so efficiently in explant cocultivation cultures (2, 10, 16) . However, the signals transduced in the neurons by axotomy and culture in vitro may be quite different from those in an intact neuron stressed in vivo. It is possible that strain KOS/M does not initiate reactivation efficiently in vivo in response to stress. The immune response is also absent in vitro, and KOS/M may not progress to production of detectable levels of infectious virus before the reactivating neurons are destroyed. This latter possibility seems less likely since KOS/M replicates efficiently in mouse TG during acute infection (29, 31, 38) . However, KOS/M is less neuroinvasive than strain 17 synϩ (37) , and this has been mapped at least in part to a mutation in gB that may result in a heightened immune response against this strain (10) . Further confirmation of the potential role of the latent genome copy profile and reactivation will come from the manipulation of infection strategies to alter the copy number profile of a given HSV-1 strain. This will allow the determination of the effect on reactivation in the absence of complications arising from genetic variance among virus strains. An analysis of the molecular basis for differences in latent infections established by various isolates will yield new insights into the viral factors that regulate the establishment and reactivation of HSV latent infections.
